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Abstract 

In this paper we present new CCD investigations of RR Lyrae pulsators in the Oo.I 
globular cluster M5. We confirm the variability of 11 Gerashchenko (1987) objects, adding 
the evidence for further 16 variables in the cluster central region. B V curves of light for 
15 RR Lyrae are presented. With the addition of further 11 curves of light by Storm, 
Carney and Beck (1991) one is dealing with a sample of 26 well studied cluster pulsators 
whose properties have been implemented with similar data for RR Lyrae in clusters M3, 
M15, M68 to allow a comparison with the theoretical scenario recently presented by Bono 
and Stellingwerf (1994). On this basis, we discuss the distribution of stars in the period 
amplitude diagram, disclosing a substantial reduction of Sandage's period shift. 

We suggest that theoretical constraints concerning periods and amplitudes could allow 
information on masses and luminosity of the pulsators directly from Bailey's diagram only. 
Static temperatures have been derived for all stars in the sample, discussing the dependence 
on the temperature of the observed pulsational properties. 
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1. Introduction 

Since many years the pulsational properties of RR Lyrae stars in galactic globular 
clusters represent an exciting field of investigation, open to contrasting results and, in 
turn, to competitive interpretations. As an example, the intrinsec luminosity of these 
stars is still debated (see Buonanno, Corsi and Fusi Pecci, 1989, Sandage, 1990b, Caputo 
et al., 1993 and references therein), thus leaving room to alternative hypotheses about the 
origin of the well known separation of galactic globular clusters in two Oosterhoff groups. 
One may notice that investigations on that matter have been largely affected by the lack 
of firm theoretical constraints on the global phenomenology of pulsations, as due to the 
difficulties in the theoretical approach which have prevented an exhaustive exploration of 
the theoretical pulsational scenario. 

However, such a theoretical situation is improving in recent time, thanks to the non 
linear, non local and time dependent convective models presented by Bono and Stellingwerf 
(1994, hereafter BS) which allows for the first time the pulsational amplitude to be related 
to the evolutionary parameters of pulsating stars. Similar progresses in the theoretical 
scenario obviously stimulates a corresponding improvement in the observational data, to 
produce a data base as reliable and as exhaustive as possible, to be compared to the 
growing amount of theoretical constraints. 

According to such a scenario, we already presented (Brocato, Castellani and Ripepi, 
1994) a CCD investigation of RR Lyrae stars in the globular M68, taken as an interesting 
but still unexplored representative of Oo.II type galactic globular clusters. In that paper 
we brought to the light pulsational evidences supporting the close similarity between M68 
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and the well studied cluster M15 when a reddening difference by AE(B — V) = 0.04 is 
taken into account. In this paper we present new CCD BV photometry for RR Lyrae stars 
in the well know globular M5, enlarging the sample of RR Lyrae already presented by 
Storm, Carney and Beck (1991, hereafter SCB). The reason for this choice was primarily 
the study of a RR Lyrae rich Oo.I cluster where a large amount of variables still lack 
of accurate photometry, the original investigations having been performed by Oosterhoff 
(1941) only in photograpic V band. 

In the next section we discuss observations and data reduction. As a result, we present 
new curves of light in both B and V bands for 15 cluster variables, deriving for all these 
objects static effective temperatures. In addition, we confirm the variability of 11 suspected 
variables given by Gerashchenko (1987), discovering further 16 variables in the cluster 
central region. 

In section 3 data from M5 will be implemented with pulsational data for selected 
clusters in order to allow a comparison with the theoretical pulsational scenario. The 
analysis will be particularly devoted to a discussion of pulsational amplitudes, disclosing 
a relevant qualitative agreement with new theoretical predictions. 

2. Observation and data reduction. 

Photometric procedures have been already presented in a previous paper devoted to 
the cluster C-M diagram (Brocato, Castellani and Ripepi 1995: Paper I) and will be in 
the following only shortly recalled. Observations have been performed at the 1.5 m Danish 
ESO telescope at La Silla during the same run devoted to the study of M68, namely during 
the nights 14 to 17 April 1989. The chip was RCA 512x331, 0.5 arcsec/pixel sized. The 
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cluster region was covered with four overlapping fields, as shown in Fig. 1 of Paper I. 
Exposure times ranged from 10 to 40 sec for V filter and from 20 to 90 sec for B, for a 
total of about 20 usable frames for each field and each color. Flat fields and bias exposures 
to correct CCD response to uniform sensitivity were obtained at the beginning and at the 
end of each night. According to the usual procedures data reduction was performed using 
ROMAFOT package for crowded photometry, reducing all the instrumental magnitudes to 
the instrumental magnitudes of our "best frames", namely frames 15 (B and V) of field 3. 
Instrumental magnitudes were finally calibrated by comparison with 88 stars in common 
with the CCD investigation by SCB with V < 17. 

Analysis of the data confirmed the variability for all the objects but three (V25, V50, 
V51) in the Oosterhoff list. Taking advantage of the improved spatial separation in our 
CCD frames, the observational material allowed to check the variability of the 11 stars 
added by Gerashchenko (1987) to the Oosterhoff list as suspected variables, as well as to 
investigate the occurrence of further variables into the crowded cluster central region. To 
perform a similar search, we first estimated the dispersion of B-V colors among the 20 
exposures, selecting as suspected variables the objects showing a dispersion larger than 
0.02 mag., which have been further checked for variability. According to such a procedure 
we confirm the variability of all the 11 objects given by Gerashchenko (1987), discovering 
further 16 new variables in the crowded region, whose coordinates are given in Table 1. 

Unfortunately, due to both the limited assigned observing time and the occurrence of 
a rather large amount of pulsators with periods around 0.5 days, we reached a sufficient 
sampling of the curves of light in both colors for only 15 RRs out of 52 already known 
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in the field, other variables waiting for the allocation of further observing time. As an 
happy circumstance, we found that two out of our variables, V7 and V55 are in common 
with SCB and two, V59 and V79 in common with Cohen and Matthews, (1992). Fig. 1 
compares our curves of light in both colors for V7 with SCB results, showing the agreement 
between these investigations. Comparison with data of Cohen and Matthews gives quite 
a similar agreement. 

Data for our variables are presented in Table 2, where we report in the order: (1) 
the number of the variable, (2) the logarithm of the period, (3) the observed blue ampli- 
tude, (4,5) the mean V and (B-V) magnitudes, (6,7) the corrected (see section 4) and the 
dereddened (B-V) magnitudes, (8) logT e and (9) the bolometric magnitudes. Tables con- 
taining logs of observations for each variable are available in OACT Mosaic (Osservatorio 
Astronomico Collurania, Teramo; http://terril.te.astro.it/oact-home/home.html). Fig. 2 
gives the curves of light of all these variables in both B and V colors. Adding data the 11 
variables presented by SCB, as given in the same Table 2, one is dealing with a sample of 
26 curve of lights, which will allow the discussion given in the next section. 

3. Pulsational amplitudes 

Among the various observational parameters concerning variable stars, two parameters, 
namely the amplitude and the period, appear in principle of outstanding relevance, since 
their observational values can be easily derived and because they are unaffected by further 
observational or theoretical assumptions, like cluster reddening, distance modulus or color- 
temperature relations. This is of course the reason why since very early times Bailey (1899, 
1902) arranged pulsational data in his well known "Bailey's diagram". Theoretical data 
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presented by BS give us for the first time the opportunity of discussing observational data 
concerning the distribution in the Bailey diagram, as given in Table 2, in connection with 
theoretical prescriptions on the matter. 

However, one has preliminarly to notice that BS computations only refer to a model 
by 0.65 M, Y=0.30, i.e., to a mass which could be (but could be not) appropriate for RR.s 
but for an amount of original He which is sensitively larger than the commonly adopted 
value Y=0.24 for Pop. II stars. As a result, the comparison can be regarded only as a 
first qualitative approach to the problem, firmer results requiring further information on 
the dependence of the theoretical results on the star mass and the original He content. 

To approach the comparison, bolometric amplitudes given by BS have been translated 
in blue magnitudes adopting bolometric correction by Kurucz (1992). Of course this is a 
point where theoretical amplitudes become model (Kurucz) dependent; however one can 
estimate that possible errors should be of a minor relevance. On this basis we report in Fig. 
3 theoretical expectations concerning the distribution in the Bailey's diagram for selected 
assumptions on the star luminosity. One has to notice the interesting occurrence that the 
expected distribution sensitively depends on the luminosity level, thus allowing - at least 
in principle- to read observational data in terms of star luminosities. 

The same figure compare these theoretical prescriptions with the behaviour of variables 
in M5 as well as in well studied clusters membering both Oosterhoff type. To this purpose 
we selected photographic data presented by Sandage (1990a) for M3 and M15, together 
with the most recent large sample of CCD data presented by Walker (1994) for M68, all 
these data having been plotted in the upper panel of Fig. 3. Inspection of this figure 
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reveals some relevant features worth to be discussed in some details. As a preliminary 
point one finds that data for M15 and M68 appear in good agreement. Recalling the 
very similar evolutionary status of stars in both clusters, one can conclude that, as for 
amplitudes, photographic data are as good as more recent CCD data. Suggesting, in turn, 
that the similarity between data for M3 and M5 is real, and not an artifact of the different 
observing procedure. 

As a further point, one finds that whereas first overtone pulsators show the well known 
dichotomy marking the membership of an Oosterhoff group, fundamental pulsators do 
not show any clear separation in the Bailey plane, both distributions showing interesting 
qualitative features in common with theoretical predictions. 

To look better in such a behavior, one can get rid of the variation in periods driven by 
variation in the star luminosity by adopting the so called "reduced periods", i.e., correcting 
the periods for the difference in luminosity, thus reducing the periods to the values expected 
for a common value of the star luminosities (Sandage 1981). However, the evaluation of 
reduced period deserves a preliminary discussion. As already quoted, the procedure gives 
the periods expected when all stars are reduced to a common luminosity level. The problem 
is the choice of this level. Following the procedure adopted by Sandage (1981) in his 
pioneering work on that matter, one can take as reference the mean bolometric magnitude 
of the pulsators. However, this appears a risky procedure, since it place the pulsators at a 
luminosity, above the ZAHB locus, which depends on the dispersion in luminosity of the 
stars. 

For this reason, we choose to make reference to a luminosity value supported by clear 
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and well denned theoretical constraints, as given by theoretical prescriptions about ZAHB 
luminosities. A philosophy already adopted by Sandage (1990a), but not in connection 
with the distributions in Bailey's diagram. Following Bencivenni et al. (1991) we will take 
as reference the luminosity of the ZAHB at logTe=3.83. 

However, the advantage of referring to a firm theoretical constraint, as the ZAHB 
luminosity, is facing the problem of a reliable identification of a lower envelope for the 
pulsators luminosities. Fig. 4 shows our choices about this observational parameter, as 
based on theoretical constraints about the dependence of HB luminosity on the temperature 
(Castellani, Chieffi and Pulone, 1991) and on the estimate of the luminosity level at which 
a sudden increase in the observed luminosity function of pulsators appears. We regard 
such an estimate at least as a safe upper limit for the ZAHB luminosity. However, Fig. 4 
shows that in the all cases a safe lower limit can be easily put only 0.04 m fainter. On can 
estimate a possible systematic error as given by AlogPc = — 0.336Amb o i, thus not larger 
than AlogPc=0.01, which appears a rather negligible value. 

Reduced periods are reported in the lower panel of Fig. 3, which shows, as expected, 
that the spread of data is sensitively reduced. Interesting enough, one finds that the slope 
of fundamental pulsators appears in good concordance with theoretical prescriptions, whe- 
reas c-type first overtone pulsators show evidences for the bell-shaped distribution foreseen 
by theory. However, as a most important point one finds that the sequence of fundamental 
pulsators does not show the period shift invoked by Sandage (1981) to support his sugges- 
tion about the difference between Oo.I and Oo.II pulsators, i.e., AlogP(A(B)=const)= 
0.055. As a matter of the fact, best fitting the distributions concerning Oo.I and Oo.II 
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type pulsators one finds A logP= 0.02±0.04, i.e., a much lower period shift, if any. Since we 
use, among other the same data used by Sandage, we compared the two procedures, con- 
cluding that the difference is mainly produced by adoption made in this paper of updated 
Kurucz bolometric corrections. 

As for comparison with theory, the distribution of fundamental pulsators cannot be 
taken as a real indication of the luminosity, until reliable indications about the dependence 
of such a topology from the stellar mass and He content will be available. However, one 
may notice that first overtone pulsators appear separated by a gap similar to the one 
foreseen by theory if Oo.II type pulsators were more luminous than Oo.I pulsators by 
about ALogL ~ 0.1, as expected on theoretical grounds. Thus we are inclined to regard 
such separation as a signature of the pulsator luminosity. If this is true, the distribution of 
fundamental pulsators should be taken as an evidence that the mass is probably playing 
a role. On this basis, we suggest that an exhaustive knowledge of theoretical constraints 
concerning periods and amplitudes could possibly allows to derive masses and luminosity 
of the pulsators from Bailey's diagram only. An occurrence which should of course be of 
paramount relevance. 

4. Pulsation and temperatures. 

According to a common procedure, observed mean colors can be translated into stellar 
temperatures, allowing the investigation of the relation between pulsation and tempera- 
tures. To obtain similar data, mean colors as evaluated in the present or in the already 
quoted papers, have been first corrected for reddening and thus according to procedure 
given by Bono, Caputo and Stellingwerf (1995) to derive the true color of static models. 

10 



Temperatures have been finally derived adopting the color temperature relation given by 
Kurucz (1992). Corrected colors and temperatures are all reported in the previous Table 
2. 

As a first test of stellar pulsation theory, we report in Fig. 5 the observed distribution 
of the reduced period versus temperatures for pulsators in the two Oo.I type clusters M3 
and M5, as obtained assuming for M3 and M5 the reddening values E(B-V)= 0.00 and 0.03 
(Sandage, 1990a, Harris and Racine, 1979, Burstein, Faber and Gonzalez, 1986), respec- 
tively. The same figure shows the expected distribution of stars for selected assumptions 
about star luminosities and/or masses as given by the well known vanAlbada and Baker 
(1971) relation. One find a rather good agreement, which is in part related to the use of 
recent Kurucz relations, previous relations ( as, e.g., Buser and Kurucz, 1978) giving a less 
accurate agreement. 

When comparing the distribution in Fig. 5 to the prescriptions of stellar evolution one 
finds that data for both clusters arrange along a mean line which is in agreement with 
theoretical expectations concerning ZAHB pulsators in Oo.I type cluster, namely logL = 
1.65 ± 0.02, M= 0.65 (see, e.g., Castellani, Chiefh and Pulone 1991). As an important 
point, one finds that the dispersion around this mean line is of the order of what expected 
on the basis of observational errors in colors (a max = 0.02). Since no dispersion in masses 
is revealed, one can only estimate that this last dispersion cannot exceed about 0.05 solar 
masses, which, however, is well beyond theoretical expectations. 

Figure 6 (upper panel) shows the same distribution in Fig. 5 but for the cluster M15 
and M68, adopting respectively E(B-V)= 0.07 and 0.03, as discussed in Brocato, Castellani 

11 



and Ripepi (1994). Again one finds a good agreement between theory and observation. 
Comparison between Fig. 5 and the upper panel of fig. 6 visualize a well known occurrence, 
i.e., under our reddening assumptions, the difference between Oo.I and Oo.II clusters can 
be accounted for by only a slightly increase in the luminosity to mass ratio as foreseen by 
canonical evolutionary theory. However, the actual reddening of both clusters is largely 
debated, with some Authors preferring reddening larger by about 0.04 (see, e.g., Walker 
1994). As shown in the same Fig. 6 (lower panel), increasing the reddening of both cluster 
by A E(B-V)=0.04 would increase the temperature by about AlogTe=0.012, with much 
more severe requirement about the variation of luminosity to the mass ratio, which would 
no more compatible with the current evolutionary scenario. 

As a final puzzling feature, we present in Fig. 7 both theoretical and observational data 
concerning the relation between pulsational amplitudes and stellar temperature. Bearing in 
mind the warning about the assumptions made in the computations (i.e. only one model 
for M = 0.65 Mq and Y =0.30), one can finds again a qualitative agreement between 
theory and observations, but with not negligible quantitative disagreements affecting both 
fundamental and first overtone pulsators. As a whole, we feel that a deeper discussion 
should wait a theoretical scenario extended to more reliable input parameters and, in 
particular, to more reliable values for the helium abundance. 

However, internal comparison among observational data show that, with our assump- 
tion on the reddenings for Oo.II clusters, the distribution of fundamental pulsators appears 
rather independent of the Oosterhoff type, with only some indications for larger amplitudes 
in few M5 fundamental pulsators. Concerning the Oosterhoff controversy (see in particu- 
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lar Sandage, 1981, 1990b, and Caputo, 1988) thus one finds the interesting result that if 
one takes low reddenings for Oo.II clusters, as in Fig. 7, and only in that case Sandage's 
suggestion for a common relation between amplitude and temperature appears fairly sup- 
ported. But, in the same time, the evidence for Sandage's period shift would desappear 
from logP, logTe data. 

5. Conclusion. 

In this paper we present new CCD photometric results concerning RR Lyrae pulsators 
in the Oo.I globular cluster M5. We confirm the variability of 11 objects indicated by 
Gerashchenko (1987), adding the evidence for further 16 variables in the cluster central 
region. We present B V curve of light for 15 RR Lyrae. With the addition of further 11 
curve of light presented by Storm, Carney and Beck (1991) one has a sample of 26 well 
studied cluster pulsators whose properties have been compared with data from clusters M3, 
M15, M68. We find that Sandage's period shift in the Bailey period amplitude diagram, if 
real, appears smaller than previous evaluation. This appears as a further difficulty faced 
by the suggestion of non canonical luminosities in globular clusters Horizontal Branch 
stars, to be added to previous difficulties (see Castellani, Degl'Innocenti and Luridiana 
1993) which should be taken into account before attempting any modification of present 
evolutionary scenario. 

Pulsational results are discussed in the frame of the theoretical scenario recently pre- 
sented by Bono and Stellingwerf (1994) which for the first time allows to attempt an 
interpretation of the distribution of stars in the period amplitude diagram. On this ba- 
sis, we suggest that an exhaustive knowledge of theoretical constraints concerning periods 
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and amplitudes could possibly allows to derive masses and luminosity of the pulsators 
from Bailey's diagram only. Static temperatures have been finally derived for all stars 
in the sample, further discussing the temperature dependence of the observed pulsational 
properties. 
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Figure captions 



Fig. 1: Photometry of V7 by SCB and from the present investigation. 

Fig. 2: B and V light curves for the 15 RRs of our sample. The solid line represents the 
adopted fitting to data. 

Fig. 3: Upper panel: A(B) vs log P, for the selected samples of variables S(90) = Sandage 
1990a, W94 = Walker 1994. Lines shows theoretical results by BS for the labelled values 
of luminosities. 

Lower panel: As the upper panel but for reduced periods (see text) 

Fig. 4: mb vs log Te for variables in M3, M5, M68 and M15. Solid lines rapresent the 
location of ZAHBs. Bolometric magnitudes of ZAHBs at logTe=3.83 are also labeled. 

Fig. 5: Reduced periods vs LogTe for variables in M5 and M3; solid lines represent 
the relation by van Albada and Baker (1971) for M=0.65 and for the labelled values of 
luminosities. Dashed lines show the same relation but for M=0.75. 

Fig. 6: As in Fig. 5, but for M68 and M15. Upper panel E(B - V) M 68 = 0.03 and 
E(B - V) M i5 = 0.07. Lower panel: E(B - V) M 68 = 0.07 and E(B - V) M is = 0.11 (see 
text). 

Fig. 7: A(B) vs log Te for the observational sample compared to theoretical prescriptions. 
Symbols and lines are as in Fig. 3. Arrows show the shift in Oo II temperature increasing 
the reddening by AE(B - V) = 0.04 
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Tabl : New variables in M5 . Coodinate are given with 
respect to the cluster center determined in paper I . 



VAR X Y 

(arcsec) (arcsec) 



V115 


-8 8. 


. 9 


+ 52 , 


. 9 


VI 1 6 


-57 . 


. 2 


+ 1 . 


. 


VI 1 7 


-53 . 


, 9 


+ . 


. 2 


VI 1 8 


-53 . 


, 9 


+ 3 6. 


. 6 


VI 1 9 


-53 . 


. 8 


-7 . 


. 6 


V120 


-32 . 


. 9 


-52 . 


. 7 


V12 1 


-31 . 


, 8 


-1 . 


. 2 


V122 


-31 . 


. 5 


+ 12 . 


.4 


V123 


-26. 


. 9 


+ 3 . 


.8 


V124 


-25 . 


.2 


-3. 


.3 


V125 


-23 . 


, 6 


-19. 


.7 


V126 


-15. 


. 1 


+ 4 . 


.3 


V127 


-6. 


.3 


+2 6. 


.3 


V128 


-1 . 


,3 


-10 . 


. 9 


V129 


+ 10 . 


. 6 


+ 13 . 


. 9 


V130 


+31. 


. 7 


-11 . 


.2 



Tab2 : Relevant quantities for RR Lyrae in M5 obtained in the present work and by SCB (see text) . 



Var logP A (B) V (B-V) (B-V) c (B-V) oc (logTe)oc mbol 



(1) 




(2) 
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(6) 




(7) 




(8) 
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.2248 
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.470 


1 A 
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. y ? 





.37 8 





. 365 





. 335 
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1 4 
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3 
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3 
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1 4 
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-0 
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1 
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